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(54) [Title of the Invention] FERRTTIC STAINLESS STEEL WIRE AND METHOD OF 
PRODUCING SAME 
(57) [Summary] 
[Object] 

To provide a ferritic stainless steel wire having an excellent cold plastic 
workability that does not cause cracks or breakage in the drawing process or in the 
straightening process in producing a cold-finished steel bar through a step including a 
drawing process and a straightening process from a coil material of the ferritic stainless 
steel wire, as well as an economical method for producing the same. 
[Solving Means] 

The hot-rolling-finishing temperature is set to be 800 to 930°C by regulating the 
hot rolling speed in hot rolling of a ferritic stainless steel wire so that the grain size of the 
ferritic stainless steel wire after completion of the hot rolling will be a fine size with a grain 
size number of 6 or above. 
[Claims] 

[Claim 1] A method of producing a ferritic stainless steel wire excellent in cold 
plastic workability, characterized in that a hot-rolling-finishing temperature is set to be 800 
to 930°C in hot rolling of the ferritic stainless steel wire. 

[Claim 2] A method of producing a ferritic stainless steel wire excellent in cold 
plastic workability, characterized in that a hot-rolling-finishing temperature is set to be 800 
to 930°C by regulating a hot rolling speed in hot rolling of the ferritic stainless steel wire. 
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[Claim 3] A method of producing a ferritic stainless steel wire excellent in cold 
plastic workability, characterized in that a hot-rolling-finishing temperature is set to be 800 
to 930°C by regulating a hot rolling speed in hot rolling of the ferritic stainless steel wire 
so that the grain size of the ferritic stainless steel wire after completion of the hot rolling 
will have a grain size number of 6 or above. 

[Claim 4] A ferritic stainless steel wire excellent in cold plastic workability, 
characterized in that the grain size after completion of a hot rolling process has a grain size 
number of 6 or above. 

[Claim 5] A ferritic stainless steel wire excellent in cold plastic workability, 
characterized in that the grain size after completion of a hot rolling process is made to have 
a grain size number of 6 or above by regulating a hot rolling speed in the hot rolling of the 
ferritic stainless steel wire. 

[Claim 6] A ferritic stainless steel wire excellent in cold plastic workability, 
characterized in that a hot-rolling-finishing temperature is set to be 800 to 930°C by 
regulating a hot rolling speed in hot rolling of the ferritic stainless steel wire so that the 
grain size of the ferritic stainless steel wire after completion of the hot rolling will have a 
grain size number of 6 or above. 
[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] 

The present invention relates to a ferritic stainless cold-finished steel bar having an 
excellent cold plastic workability that does not cause cracks or breakage in a cold plastic 
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process such as cold drawing or straightening of bends. 

[0002] 

[Prior Art] 

In recent years, machined components of stainless steel are often used as 
components of OA apparatuses, personal computer peripheral apparatuses, and various 
other controlling apparatuses. Many of these are processed from a stainless cold-finished 
steel bar by an automatic cutting processor such as an automatic lathe. 
[0003] 

Generally, a cold-finished steel bar is produced as follows. A hot-rolled steel bar, 
which has been subjected to thermal treatments such as annealing and normalizing in 
accordance with the needs after hot rolling, is straightened into a line shape, cut into a 
predetermined length, and then the surface of the steel bar is flattened and smoothened by a 
cutting process such as turning or peeling, and also the outer diameter is finished to have a 
predetermined dimension. 
[0004] 

Also, a cold-finished steel bar is sometimes produced by regulating the outer 
diameter dimension and the surface skin by subjecting the hot-rolled steel bar to a drawing 
process and thereafter straightening and finishing it into a line shape with a straightening 
apparatus such as a multi-roll straightening machine. Further, a cold-finished steel bar is 
sometimes made by winding a steel bar into a coil shape after hot rolling to prepare a long 
coil-shaped wire material, applying a drawing process continuously to the wire material 
into a predetermined outer diameter dimension and into an approximately straight line 
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shape, cutting a steel bar of a predetermined length successively from the tip of the drawn 
material, followed by finishing the steel bar into a straight line shape with a straightening 
apparatus such as the multi-roll straightening machine. 
[0005] 

The method of producing a cold-finished steel bar including the drawing process 
gives a good material yield as compared with the method by a cutting process. 
Particularly, the method of performing a drawing process continuously from a coil material 
is an extremely economical production method. However, this method raises a problem in 
the plastic workability of the steel because it includes a drawing process. In producing a 
cold-finished steel bar by a step of drawing process-straightening from a coil material of 
ferritic stainless steel, cracks or breakage often occurs in the aforementioned step, thereby 
raising a problem in production. 
[0006] 

[Problems to be Solved by the Invention] 

An object of the present invention is to provide a ferritic stainless steel wire having 
an excellent cold plastic workability that does not cause cracks or breakage in the drawing 
process or in the straightening process in producing a cold-finished steel bar through a step 
including a drawing process and a straightening process from a coil material of the ferritic 
stainless steel wire, as well as an economical method for producing the same. 
[0007] 

[Means for Solving the Problems] 

As a result of survey and research that we have conducted to solve the 
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aforementioned problem, we have found that the grain size of the ferritic stainless steel 
wire constituting a material gives a considerable influence on the occurrence of cracks or 
breakage of the steel bar in the cold-finished steel bar production step of ferritic stainless 
steel including a drawing process and a straightening process, and that, by reducing the 
grain size to be fine, the cold plastic workability of the ferritic stainless steel can be 
improved, thereby preventing occurrence of cracks or breakage of the steel bar in the 
cold-finished steel bar production step. Also, we have found out that, in the hot 
processing of the ferritic stainless steel, the finishing temperature of the hot processing 
must be 930°C or below in order to reduce the grain size to be fine. 
[0008] 

The present invention has been made on the basis of the above-mentioned findings. 
Namely, a method of producing a ferritic stainless steel wire excellent in cold plastic 
workability according to the present invention is characterized in that: 

(1) a hot-roUing-finishing temperature is set to be 800 to 930°C in hot rolling of the ferritic 
stainless steel wire; 

(2) a hot-rolling-finishing temperature is set to be 800 to 930°C by regulating the hot 
rolling speed in the hot rolling of the ferritic stainless steel wire; 

(3) a hot-rolling-finishing temperature is set to be 800 to 930°C by regulating the hot 
rolling speed in the hot rolling of the ferritic stainless steel wire so that the grain size of the 
ferritic stainless steel wire after completion of the hot rolling will have a grain size number 
of 6 or above. Also, the ferritic stainless steel wire excellent in cold plastic workability 
according to the present invention is characterized in that: 
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(4) the grain size after completion of the hot rolling process has a grain size number of 6 or 
above; 

(5) the grain size after completion of the hot rolling process is made to have a grain size 
number of 6 or above by regulating the hot rolling speed in the hot rolling of the ferritic 
stainless steel wire; 

(6) a hot-rolling-finishing temperature is set to be 800 to 930°C by regulating the hot 
rolling speed in the hot rolling of the ferritic stainless steel wire so that the grain size of the 
ferritic stainless steel wire after completion of the hot rolling will have a grain size number 
of 6 or above. 

[0009] 

[Detailed Description of the Embodiments] 

The ferritic stainless steel wire excellent in cold plastic workability according to 
the present invention can be a stainless steel having a high content of Cr and made of at 
least 95% or above of ferrite phase in the solid phase state such as, for example, JIS 
SUS410 or SUS430 and, in accordance with the needs, can contain various alloy elements. 
[0010] 

With regard to the ferritic stainless steel wire excellent in cold plastic workability 
according to the present invention, a molten steel melted in the same manner as an ordinary 
ferritic stainless steel is cast into an ingot, which is further made into a billet by hot forging 
or hot rolling. Here, in producing a billet, the aforesaid molten steel can be continuously 
cast into a billet. 
[0011] 



The billet is heated to a hot rolling heating temperature, and is subjected to a hot 
rolling process with a hot rolling machine to make a rolled material having a desired outer 
diameter dimension. Subsequently, the rolled material is wound into a coil shape with the 
use of a winding apparatus, so as to make a coil-shaped steel wire. In the case of 
producing a long rolled material, it is preferable to roll it, for example, with the use of a 
tandem-type continuous rolling machine equipped with numerous roll pairs. 
[0012] 

The method of producing a ferritic stainless steel wire excellent in cold plastic 
workability according to the present invention is characterized in that the temperature of 
the rolled material immediately after completion of the hot rolling process (referred to as 
hot-rolling-finishing temperature) is set to be 800 to 930°C. When the 
hot-rolling-finishing temperature is too low, the deformation resistance of the steel is large, 
and also the deformability is low, thereby raising an inconvenience such as difficulty of 
rolling in performing the rolling process or occurrence of cracks or flaws in the rolled 
material. Therefore, the lower limit of the hot-rolling-finishing temperature is set to be 
800°C. Also, when the hot-rolling-finishing temperature is too high, the grains of the 
rolled material will be coarse, thereby causing an inconvenience such as cracks or breakage 
in the product in the cold-finished steel bar production step performed as a later step. 
Therefore, the upper limit of the hot-rolling-finishing temperature is set to be 930°C. 
[0013] 

In order to regulate the hot-rolling-finishing temperature, any of the methods can 
be selected such as regulation of the temperature for heating the billet or forced heating or 



cooling of the processed material during the hot rolling process. However, it is preferable 
to regulate the hot-rolling-finishing temperature by regulating the rolling speed in the hot 
rolling. 
[0014] 

During the hot rolling process, the temperature of the processed material rises due 
to process heat generated by the rolling process while the processed material is being 
cooled due to loss of heat by natural heat dissipation, contact with the roll of the rolling 
machine, or the like. When the rolling speed is increased, the processing time is 
shortened, so that, even if the processed amount is the same and the process heat generation 
is the same, the amount of heat loss decreases and the rolling-finishing temperature rises. 
When the rolling speed is decreased, the processing time is elongated, so that the 
rolling-finishing temperature lowers. According to the method of regulating the rolling 
speed in the hot rolling, the rolling-finishing temperature can be regulated in an extremely 
economical way without the need for special equipment for forced heating and cooling. 
[0015] 

The rolled material thus hot rolled is wound into a coil shape with a winding 
machine, and thereafter receives a preliminary process including an annealing process and 
lubricant application in accordance with the needs, to be subjected to a cold-finished steel 
bar production step. The cold-finished steel bar is produced by a cold-finished steel bar 
production method including cold drawing and straightening with a multi-roll straightening 
machine or the like. 
[0016] 
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A ferritic stainless steel wire having a coarse grain structure with a grain size being 
below grain size number 6 raises an inconvenience such as cracks and breakage in the cold 
drawing process or in the straightening process in the aforesaid cold-finished steel bar 
production step. For this reason, the ferritic stainless steel wire excellent in cold plastic 
workability of the present invention is set to have a fine grain texture with the grain size 
after completion of the hot rolling process being gain size number 6 or above. Here, the 
grain size number is one measured in accordance with ASTM El 12. 
[0017] 

Since the ferritic stainless steel serving as an object of the present invention has 
almost one phase in the solid phase, the grain size is determined by the hot processing 
condition, so that the grains cannot be made fine by the later heat treatment. According to 
the present invention, a rolled material having a fine grain texture with the grain size after 
completion of the hot rolling process being grain size number 6 or above can be obtained, 
and a ferritic stainless steel wire excellent in cold plastic workability can be obtained 
without causing an inconvenience such as cracks or breakage in the later-performed step of 
producing a cold-finished steel bar including a cold drawing process and straightening. 
[0018] 

A ferritic stainless steel having a composition shown in Table 1 was melted by arc 
furnace melting to prepare 4.6 tons of an ingot. The ingot was turned into billets of 153 
mm square x length 5 to 10 m by hot rolling. 
[Table 1] 
[0019] 
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[Table 1] 



steal 


C 


Si 


chemical c 
Mn 


omponents 
P 


(mass%) 
S 


Ni 


Cr 


others 


i steal 1 


0.005 


0.03 


0.30 


0.01 


0.01 


0.25 


17.2 


Mo:1.0 


steal 2 


0.006 


0.30 


0.53 


0.02 


0.01 


0.15 


12.5 




steal 3 


0.003 


0.53 


I 0.65 


u.uz 


u.uz 


u.zu 




IVIVS. 1 . \j 


steal 4 


0.010 


0.35 


0.55 


0.01 


0.01 


0.16 


f 16.8 




steal 5 


! 0.008 


0.36 


0.46 


0.01 


0.02 


0.28 


i 20.5 
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The billets were heated to 1200 to 1300°C, and hot-rolled with a wire material 
continuous rolling apparatus equipped with a rough rolling machine series made of eight 
2-roll rolling machines, an intermediate rolling machine series made of six 2-roll rolling 
machines, and a finishing rolling machine series made of four 2-roll rolling machines and 
two 4-roll rolling machines, so as to prepare a wire material of diameter 17 mm round or 20 
mm round, and wound with the use of a boring reel type winding machine to make a wire 
material coil having a weight of about 950 kg and an outer diameter of about 1.5 m. The 
values such as the dimension, temperature, and rolling speed of the rolled material 
measured on the inlet side and on the outlet side of each rolling machine series are shown 
in Table 2. In accordance with the comparison method defined in ASTM El 12, the grain 
size was measured on the longitudinal cross-section center part including the axis of the 
wire material test piece collected from the wire material coil. The results are shown as 
grain size number in Table 2. 
[Table 2] 
[0020] 

After the wire material coil was subjected to annealing by being left to stand for 
cooling after being heated at a temperature of 750°C for hours, scales were removed by 
pickling, and a lubricating coating film processing was carried out. The wire material coil 
subjected to the lubricating coating film processing was straightened and cut with a 
continuous-type drawing straightening machine (combined machine) equipped with a 
continuous drawing mechanism, a cutting mechanism, and a roll-type wire material 
straightening mechanism made of a pair of straightening rolls, so as to prepare a 
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cold-finished steel bar having a diameter shown in Table 3 and a length of 4 to 5 m. 
[Table 3] 
[0021] 

As will be understood from Table 3, in Examples 1 to 7, deleterious defects such as 
flaws and cracks were not recognized in the obtained cold-finished steel bar after 
straightening and cutting with the combined machine, and also the bending of the 
cold-finished steel bar was sufficiently small to be 1 mm/m or less, so that normal 
straightening was carried out. As will be understood from Table 2, in Examples 1 to 7, 
the outlet side temperature of the finishing rolling machine series (hot-rolling-finishing 
temperature) was set to be within a temperature range of 800 to 930°C by suitably 
regulating the rolling speed by the intermediate rolling machine and the finishing rolling 
machine according as the intermediate rolling machine series inlet side temperature was 
high or low. 
[0022] 

In Example 6 in which the intermediate rolling machine series inlet side 
temperature was lower as compared with Example 5, the rolling speed of the intermediate 
rolling and the finishing rolling was set to be comparatively high; and in Example 7 in 
which the intermediate rolling machine series inlet side temperature was higher as 
compared with Example 5, the rolling speed of the intermediate rolling and the finishing 
rolling was set to be comparatively low, so as to regulate the outlet side temperature of the 
finishing rolling machine series (hot-rolling-finishing temperature). In all of Examples 1 
to 7, the grain size after completion of the hot rolling is a fine grain with a grain size 
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[Table 3] 




division 


cold drawing area 
reducing ratio (%) 


diameter 
(mm) 


result of straightening 


Example 1 


11.4 


16 


; 

normal 


Example 2 


9.8 


19 


normal 


Example 3 




16 


norma! 


Example 4 


9.8 


19 


normal 


Example 5 


114 


16 


normal 


Example 6 


11.4 


16 


normal 


Example 7 


11.4 


16 


normal 


Comparative example 1 


11.4 


16 


broken when straightened 


Comparative example 2 


9.8 


19 


broken when straightened 


Comparative example 3 


11.4 


16 


broken when straightened 


Comparative example 4 


9.8 


19 broken when straightened 


Comparative example 5 


11.4 


16lbroken when straightened 



number of 6 or above. 
[0023] 

In Comparative Examples 1 to 5, the regulation between the intermediate rolling 
machine series inlet side temperature and the rolling speed of the intermediate rolling and 
the finishing rolling is not adequate, so that the finishing rolling machine series outlet side 
temperature (hot-rolling-finishing temperature) exceeds 930°C, producing a coarse grain 
texture with a grain size number of less than 6. As will be understood from Table 3, in 
Comparative Examples 1 to 5, cracks were produced in the cold drawing step, or breakage 
occurred in the straightening step, so that it was not possible to perform normal 
straightening. 
[0024] 

As shown above, according to the present invention, a ferritic stainless steel wire 
having an excellent cold plastic workability can be obtained that does not cause cracks or 
breakage in the drawing processing step or in the straightening processing step. Also, 
according to the present invention, since the finishing rolling machine series outlet side 
temperature (hot-rolling-finishing temperature) is regulated by regulating the rolling speed 
of the intermediate rolling and the finishing rolling, an apparatus for regulating the 
hot-roUing-finishing temperature, for example, an apparatus for forced cooling of the rolled 
material, is not needed. It can be said that the method of producing a ferritic stainless 
steel wire excellent in cold plastic workability of the present invention is an economical 
method. 
[0025] 
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[Effects of the Invention] 

As described above, the present invention can provide a ferritic stainless steel wire 
having an excellent cold plastic workability that does not cause cracks or breakage in the 
drawing process or in the straightening process in producing a cold-finished steel bar 
through a step including a drawing process and a straightening process from a coil material 
of the ferritic stainless steel wire, as well as an economical method for producing the same. 
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